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Purpose. To measure patients’ preferences for magnetic resonance (MR) angiography and duplex ultrasound (US) in the
imaging work-up of peripheral arterial disease (PAD).
Methods. Ninety-eight patients, who underwent both MR angiography and duplex US, received a questionnaire by mail
and their preferences for imaging work-up were assessed in a telephone interview. The questionnaire consisted of one
question on which imaging test they preferred, a rating scale score ranging from 0 (not bothersome at all) to 10 (extremely
bothersome), and specific questions on whether patients experienced discomfort due to the imaging work-up. Responses were
presented as means and frequencies, and differences were tested by non-parametric tests.
Results. Half of the patient population (50%) had no preference for MR angiography or duplex US, 41% had a preference
for MR angiography, and 9% had a preference for duplex US. The average rating scale scores for MR angiography (1.6) and
duplex US (1.7) were not significantly different ðp ¼ 0:53Þ: Four out of 98 (4%) patients responded that they experienced
pain during the MR angiography versus 18 (18%) for duplex US ðp ¼ 0:001Þ: Eight out of 98 (8%) patients responded that
they were anxious during the MR angiography versus 1 (1%) for duplex US ðp ¼ 0:02Þ:
Conclusion. The results suggest that the majority of patients have no preference between MR angiography and duplex US
in the diagnostic work-up of PAD. Among patients who do have a preference, MR angiography was preferred over duplex
US.
Key Words: Patient preferences assessment; Diagnostic work-up; Peripheral arterial disease; Magnetic resonance; Duplex
ultrasound.
Introduction
Currently used imaging tests in the pre-treatment
work-up of peripheral arterial disease (PAD) are
magnetic resonance (MR) angiography and duplex
ultrasound (US). MR angiography is a minimally
invasive test that can be used to obtain anatomical
images of the peripheral vasculature similar to digital
subtraction angiography (DSA). Contrast-enhanced
MRA is nearly as accurate as DSA.1 Duplex US, on
the other hand, is a non-invasive test that provides
anatomical as well as functional (i.e. flow) information
about the vasculature with a reliable diagnostic
accuracy. In a recent meta-analysis, it was found that
the diagnostic accuracy of MR angiography was
higher than that of duplex US.1
The decision as to which imaging test or combi-
nation of imaging tests to use in clinical practice
usually depends on the diagnostic performance, the
complications, the costs of the diagnostic procedures,
and consequences of subsequent treatment and fol-
low-up. In a cost-effectiveness analysis, taking these
aspects into account, it was found that differences in
quality-adjusted life expectancy and lifetime costs
between various pre-treatment work-up strategies for
patients with intermittent claudication were small.2 In
such a case the amount of discomfort associated with
particular imaging tests experienced by the patient
may be considered a decisive factor for which imaging
test to use. For example, the preference for an imaging
test might be influenced by discomfort such as the
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confined space for MR angiography and the pressure
on the abdomen for duplex US.
The goal of our study was to assess patient
preferences for MR angiography and duplex US in
the diagnostic work-up of PAD.
Methods
Clinical study
Patients were recruited between May 1999 and
November 2000 at the University Hospital Maastricht.
Out of 142 patients asked to participate in an ongoing
clinical study on the diagnostic work-up for PAD,3 117
were included in the current ancillary patients’
preference study. Reasons for non-participation were
claustrophobia ðn ¼ 2Þ; implanted cardiac pacemaker
ðn ¼ 1Þ; MR scanner not available ðn ¼ 2Þ; and non-
willingness to come to the hospital for a MR
angiography ðn ¼ 20Þ: Both the clinical and the
patients’ preference study were approved by the
institutional review board. Patients were included if
they had complaints of intermittent claudication for
which they were referred by their vascular surgeon to
undergo a duplex US of the arteries of the lower
extremity with the intention to perform revasculariza-
tion, if possible. Patients were excluded if they had
contra-indications for MR angiography or did not give
informed consent.
In 51% (50/98) of the patients duplex US was
performed before MR angiography; in 49% (48/98) of
the patients the MR angiography was planned before
the duplex US. The time between both tests was on
average 4.2 days (range from 11 days before to 21 days
after duplex US).
Performance of imaging tests
MR angiography was performed as an outpatient
procedure. Both limbs were imaged from the infra-
renal abdominal aorta down to the ankles. For all
acquisitions a 1.5T MR system with gradient strength
of 23 mT/m and rise time of 200 ms was used
(Gyroscan ACS-NT, Philips Medical Systems, Best,
The Netherlands). Before the exam the imaging
procedure was explained to the patient. Next, the
patient was positioned on the scanner table and a
venflon was inserted in an antecubital vein. To prevent
motion artifacts, sandbags were placed lateral to the
lower legs, which were fixated with Velcro straps to a
footboard. The patient was instructed to lie still during
imaging and the breathhold procedure was practiced
(two times a breathhold of about 25 s during the
procedure). A three-station localizer was obtained for
which the patient was placed with feet first in the MR
bore and 2-D time-of-flight (TOF) localizer scans were
acquired. Subsequently, the table was moved to make
upper leg and pelvic scans and, depending on the
length of the patient, their head would either stay out
of the bore or would be at the edge of the bore. On the
basis of the TOF scout scans, one series of 3-D scans
without contrast material and one series during
administration of contrast material (35 ml gadolinium
DPTA, Magnevist, Schering, Berlin, Germany) were
made. Patients reported that MR angiography lasted
on average 45 min which included changing clothes.
Duplex US with color-guidance (Aloka 2000 or 5000
ultrasonographic scanner, Aloka, Tokyo, Japan) was
performed as an outpatient procedure from the
infrarenal aorta down to the common femoral arteries.
In addition, the femoro-popliteal arteries were imaged
if the vascular surgeon suspected infrainguinal lesions
(22 out of 98 patients). Patients were placed in the
supine position on the table and ultrasound gel was
applied to the abdomen. Imaging was done by
experienced ultrasound technologists. A convex trans-
ducer of 5 MHz was used for the pelvic arteries
whereas a 7.5 MHz linear transducer was used for the
femoro-popliteal arteries. A 3.5 MHz transducer was
used in obese patients and in the presence of bowel
gas. Patients were instructed to fast at least 8 h before
the exam. Patients reported that the duplex US
procedure lasted on average 67 min which included
changing of clothes.
The interviews
A total of 98 patients completed the interviews.
Eighteen patients included in the clinical study were
not interviewed due to communication problems
between the institutions ðn ¼ 12Þ; refusal to participate
ðn ¼ 5Þ; or because the telephone interview was
impossible due to a hearing problem ðn ¼ 1Þ: One
patient missed his appointment for duplex US and
was excluded from the analyses because of missing
interview data for duplex US.
Patients were interviewed by telephone after
receiving a questionnaire by mail and were instructed
to read the questionnaire in advance. The interviews
were performed after the patient had undergone both
the MR angiography and duplex US. Although four
trained interviewers from the Erasmus Medical Center
Rotterdam performed the interviews, the majority,
78.6% (77/98), were performed by one investigator
(KV). The duration of the interview was approxi-
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mately 20 min. Three patients answered the question-
naire by postal mail and one patient answered the
questionnaire by a proxy-respondent. On average the
interviews took place 10.1 days after MR angiography
and 10.8 days after duplex US. At the time of the
interview 34% (33/98) of the patients knew the test
result of both tests, 4% (4/98) knew only the MR
angiography result, 22% (22/98) knew only the duplex
US result, and 40% (39/98) did not know the results of
both tests.
Patients’ preference measures
The questionnaire started with a short description of
the MR angiography and duplex US, to serve as a
reminder, and was read aloud to each patient during
the interview before questions regarding the imaging
tests were asked (Appendix A). Next, patients were
asked if they experienced certain discomfort associ-
ated with the imaging tests. In a pilot study with eight
patients we used a combination of closed format
questions (i.e. yes versus no response) for commonly
reported discomfort and an open format question to
check whether an important question on discomfort
was missed. Based on the results of the pilot study,
questions on experienced discomfort associated with
the imaging tests were asked in a closed format and an
open format question was added. Rating scale scores
were used to measure patient preferences for the
imaging tests. On the rating scales patients were asked
to assign a value to each test between 0 (not bother-
some at all) and 10 (extremely bothersome) that
corresponded to their experience of the test. Lastly,
patients were asked which imaging test (MR angio-
graphy or duplex US) they would choose if they were
to return to the hospital in two years time with the
same complaints. Patients were asked to assume that
the diagnostic information available from MR angio-
graphy and duplex US was similar to ensure that the
same information was obtained.
To get a general sense of the patients’ current
health-related quality of life, patients were asked to fill
out an EuroQol-5D4 once, before the MR angiography
procedure was performed. For each patient a single
index value for the EuroQol-5D (time tradeoff value)
was calculated based on a published generalized least-
squares regression model.5
Data analysis
The responses on the questionnaires were reported by
descriptive statistics such as mean, range, and stan-
dard deviation (SD), or frequencies. The significance of
differences in continuous variables was tested by the
Wilcoxon signed rank test, correlations were presented
as Spearman’s correlation coefficients, and differences
in proportions were tested by a Chi-square test for
independent proportions or a McNemar test for
dependent proportions. The relation between the
closed format questions and the rating scale score
was tested with Wilcoxon signed rank tests.
Results
Patient population
The mean age of the patient group was 63 years and 64
out of 98 patients (65%) were male. Almost all patients
suffered from intermittent claudication (91.8%, 90 out
of 98 patients). The mean health-related quality of life
score, as measured with the EuroQol-5D, was 0.62 and
93 out of 96 patients (95%) reported that they had some
problems with mobility in daily life. (Table 1) To place
the responses on the EuroQol-5D in perspective: a
patient reporting only some problems with mobility
had a utility of 0.855 and 29.3% of the general
population aged between 60 and 69 years had some
or extreme problems with mobility.6
Patients’ experiences of the imaging tests
Table 2 shows the responses to the specific discomfort
questions for each imaging test. The most frequently
reported problems for duplex US were fasting (32/98,
33%) and for MR angiography the sound of the
scanner despite wearing headphones (20/98, 20%).
For MR angiography 4 out of 98 patients (4%) reported
that they had pain during the procedure whereas 18
out of 98 patients (18%) reported pain during duplex
US and this difference was statistically significant ðp ¼
0:001Þ: More patients responded that they were
anxious during MR angiography than during duplex
US (8/98, 8% and 1/98, 1%, respectively; p ¼ 0:02). In
response to an open-ended question, discomfort was
reported due to the periods of breath hold during the
MR angiography ðn ¼ 6Þ and the long duration of the
duplex US examination ðn ¼ 4Þ (Table 3). When
patients were asked to consider the choice between
MR angiography and duplex US upon returning to the
hospital in two years with the same complaints, 50%
(49/98) reported that they had no preference, 41% (40/
98) reported that they would choose MR angiography,
and 9% (9/98) reported that they would choose duplex
US.
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Rating scale score
On a scale from 0 (not bothersome at all) to 10
(extremely bothersome), patients valued undergoing
MR angiography as 1.6 (SD 2.1) and duplex US as 1.7
(SD 2.2) and there was no significant difference
between the rating scale scores ðp ¼ 0:53Þ: There was
a slight correlation between the rating scale scores of
MR angiography and duplex US (Spearman’s corre-
lation coefficient 0.52, p , 0:01). Furthermore, an
inverse association was found between the rating
scale score for MR angiography and the age of the
patient (Spearman’s correlation coefficient 20.21,
p ¼ 0:04). This relation was not found for duplex US
and the age of the patient (Spearman’s correlation
coefficient 20.05, p ¼ 0:59). Finally, knowledge of the
test result, gender, time between test and interview,
and the order of performance of MR angiography and
duplex US did not influence the rating scale scores of
MR angiography or duplex US.
Relation between rating scale score and closed format
questions
Patients who responded that the noise of the scanner
bothered them, that they were anxious during the MR
angiography, and that they felt enclosed gave higher
rating scale scores (i.e. more bothersome) for MR
angiography than patients who responded that the
noise did not bother them ðp , 0:001Þ; who were not
anxious during the MR angiography ðp , 0:001Þ; and
who did not feel enclosed ðp , 0:001Þ: (Table 4) Higher
rating scale scores for duplex US were given by
patients who responded that they experienced pain
during the duplex US and patients who responded
that they did not like the fasting before the duplex US
procedure compared with patients who did not have
pain during the duplex US ðp ¼ 0:003Þ and for who it
did not matter that they had to fast ðp ¼ 0:02Þ;
respectively, (Table 4).
Discussion
The current study assessed preferences of patients
with symptoms of intermittent claudication in ima-
ging work-up of PAD. It was found that patients
gave similar rating scale scores for undergoing MR
Table 1. Patient characteristics ðN 5 98Þ.
Age in years: mean (SD),
range
63 (9), 42–79
Gender: N (%) male patients 64 (65)
Fontaine classification: N (%)
IIA (intermittent claudication, walking distance
$100 m)
65 (66)
IIB (intermittent claudication, walking distance
,100 m)
25 (26)
III (critical limb ischemia) 5 (5)
No intermittent claudication or critical
limb ischemia
3 (3)
EuroQol-5D
Utility: mean (SD)* 0.62 (0.23)
Some mobility problems in daily
life, N (%)
93 (95)
SD, standard deviation.
*Four patients did not fill in the EuroQol-5D or handed in a partly
filled in questionnaire.
Table 2. Experienced discomfort on MR angiography and duplex
US, closed format questions (yes versus no response).
Yes responses, N (%)
MR angiography ðN ¼ 98Þ
Did you have any pain during
the MR angiography?
4 (4)
Did you feel anxious during the
MR angiography?
8 (8)
Did you feel enclosed during MR
angiography?
13 (13)
Did the sound (noise) during MR
angiography bother you?
20 (20)
Duplex US ðN ¼ 98Þ
Did you have any pain during
the ultrasound test?
18 (18)
Did you feel anxious during the
ultrasound test?
1 (1)
Was it a problem for you
that you had to fast for
the ultrasound test?
32 (32)
Table 3. Experienced discomfort on MR angiography and duplex
US, open-ended format questions.
N*
MR angiography ðN ¼ 98Þ
Periods of breath hold 6
Tied up legs to footboard and
placement of sandbags lateral to legs
5
Placement of venflon in arm 4
Lying still 3
Not knowing what is going to
happen
3
Less bothersome than expected 2
Fell ill shortly after the MR
angiography
2
Patient information brochure on MR angiography
not optimal
1
Duplex US ðN ¼ 98Þ
Duration of duplex US 4
Lying still 3
Gel applied to the abdomen 2
Long time in waiting room before
duplex US
1
Responses that overlapped with the closed format questions were
excluded.
*Only the absolute number of responses is given. The percentage of
patients equals the number of responses.
K. Visser et al.540
Eur J Vasc Endovasc Surg Vol 26, November 2003
angiography and duplex US. More patients responded
that they were anxious during the MR angiography
procedure than during the duplex US procedure,
while on the other hand more patients experienced
pain during duplex US than during MR angiography.
So, on average patients perceived more pain induced
by the duplex probe as by the intravenous adminis-
tration of gadolinium during MR angiography. It
should be noted, however, that in our study we did a
full duplex US examination of the suprainguinal tract.
In some other centers, however, common femoral
wave form analysis is used to assess the suprainguinal
tract. In that case the abdominal pain that patients
suffered from the duplex probe may be irrelevant.
In the literature some other studies about assess-
ment of patients’ preferences for imaging work-up of
cardiovascular disease have been published. Swan
et al. found that patients preferred MR angiography
over DSA.7,8 Similar to our study, they used a rating
scale score but with a different scale ranging from 0
(the examination experience was neutral) to 210 (the
examination experience was extremely unpleasant)
and the mean scores for MR angiography was 21.1 in
both of their studies.7,8 By assuming that our rating
scale score could be transformed from a scale of 0–10
into a scale of 0– 2 10, our rating scale score (21.6) for
MR angiography was slightly lower implying that the
patients experienced almost similar or slightly more
discomfort due to MR angiography. In the most recent
study of Swan et al.8 a variation on the time tradeoff
method was used and similar to the results of the
rating scale score it was found that patients preferred
MR angiography over DSA. Also, for carotid artery
disease patient preferences for MR angiography and
DSA have been assessed.9 On average patients
preferred MR angiography over DSA and this was
assessed based on a combination of a rating scale score
for a particular health state and willingness to give up
time to avoid that particular health state.
The current study has several limitations and we
discuss the most important ones. First, the patients
participating in the clinical study are a selection of the
population of patients with symptoms of intermittent
claudication. In the clinical study 18% (25/142) of the
patient population eligible did not participate. Among
the patients who did not participate 12% (3/25) did
not participate because of reasons related to the MR
scanner (metal parts in body and scanner not
available), and 8% (2/25) was claustrophobic.
Especially, if this last group of patients would have
been included in the current study the average rating
scale score for MR angiography may have been higher
indicating more experienced discomfort due to MR
angiography.
Secondly, a subgroup of consecutive patients of the
clinical study was considered potentially eligible for
the patients’ preference study (i.e. the current study).
Of the 117 potentially eligible patients, 83% partici-
pated in the current study. The majority of patients
whom were not interviewed were not included
because of communication problems between the
two centers and it is likely to assume that this does
not result in a selection of the patient population.
A third limitation is that by interviewing patients
on their preferences for MR angiography and duplex
US they might presume that these imaging tests are
comparable in their use in clinical practice. In our
study, we explicitly told the patients that the diag-
nostic information would be the same. This may not be
true, however, as in the current study MR angiography
supplied an anatomical image of the complete
vascular tree, whereas duplex US supplied an hemo-
dynamical information as well as a broad arterial
roadmap for the suprainguinal arteries and, if the
vascular surgeon suspected infrainguinal lesions, then
also these arteries were evaluated. To evaluate this in
more detail, we compared in a subgroup of these
patients the treatment plans based on MR angiogra-
phy and duplex US. It was found that compared with
MR angiography, more digital subtraction angiogra-
phies were ordered after duplex US in order to plan
treatment.10 So, it could be argued that the use of MR
angiography and duplex US in clinical practice was
not the same. In many centers, however, the infor-
mation obtained with duplex US is considered
adequate to plan surgery. In that case, MR angiography
Table 4. Rating scale scores versus closed format questions on
specific discomfort.
Mean rating scale
scores (SD)
P-value*
Response to closed
format questions
Yes No
MR angiography
Noise of MR scanner 3.3 (2.1) 1.2 (1.9) ,0.001
Anxious 5.3 (2.1) 1.3 (1.7) ,0.001
Feeling enclosed 4.5 (2.1) 1.2 (1.7) ,0.001
Pain 3.8 (3.5) 1.5 (2.0) 0.17
Duplex US
Anxious 6.0 (2)† 1.6 (2.2) 0.08
Pain 3.1 (2.7) 1.3 (1.9) 0.003
Fasting 2.3 (2.3) 1.7 (2.1) 0.02
*Differences in rating scale scores were tested with the Wilcoxon
signed rank test.
†Standard deviation could not be calculated because only one
patient responded that he was anxious during the duplex US
procedure.
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and duplex US are more comparable in their use in
clinical practice.
Fourth, patients may have expectations of MR
angiography or duplex US prior to the procedures
and this could have biased the comparison of the
modalities. At the time the study was performed, MR
angiography was used in a research setting and
duplex US was the standard examination. In the
informed consent patients were informed about this.
In addition, patients were asked to assume that the
diagnostic information available from MR angiogra-
phy and duplex US was similar. Therefore, we think
that this bias is unlikely.
Finally, a limitation of our study may be that we did
not consider other alternatives for the imaging work-
up of PAD like DSA and computed tomography
angiography. Because of its invasive character DSA is
mostly used in addition to non-invasive imaging
work-up and, if indicated, in combination with
percutaneous treatment. In the current study 39 out
of 98 patients underwent a DSA and the majority in
combination with treatment.
The results of the cost-effectiveness analysis for the
imaging work-up for patients with intermittent clau-
dication showed that minimally and non-invasive
imaging tests like MR angiography and duplex US
could decrease costs without a substantial loss in
effectiveness. Furthermore, no distinct preference was
found in patients’ preferences between MR angiogra-
phy and duplex US. Earlier studies found that patients
prefer MR angiography over DSA7,8 and that supports
the conclusion that minimally and non-invasive
imaging tests potentially can replace DSA in many
patients.2,11
In summary, the results of the current study
demonstrate that the majority of patients have no
preference between MR angiography and duplex US
in the diagnostic work-up of PAD. Among patients
who do have a preference for imaging work-up,
mostly MR angiography is preferred over duplex US.
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Appendix
The appendix contains the translated questionnaire
used in this study.
Description of tests
Magnetic resonance angiography (MRA). During the
scan you were lying on a table, which was moved into
a tunnel. Contrast agent was injected into your arm.
You heard a rattling noise. You were given head-
phones to prevent discomfort from the noise.
Duplex ultrasound. For the ultrasound test, gel was
applied to your abdomen and/or leg. The laboratory
assistant moved a microphone over your abdomen
and/or leg to measure the speed of the blood flow in
the arteries in your abdomen and/or legs. You heard
sound pulses during the procedure.
Rating scale
If you were asked to indicate how bothersome the
MRA was for you on a scale from 0 (not bothersome at
all) to 10 (extremely bothersome), how many points
would you give? ……points
A similar question was asked for duplex US
Comparison of MR angiography and duplex US
Imagine that in two years time you visit your
specialist for the same complaints for which you were
examined this time. There are two tests to examine the
arteries in your legs, namely MRA and ultrasound.
Before a decision can be made about further treatment
you have to undergo a test. Together with your
specialist you have to choose between MRA and
ultrasound. Which test would you prefer?
. Magnetic resonance angiography (MRA)
. Ultrasound
. No preference
. Other, namely
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